METHOD FOR FABRICATING IMAGE SENSOR INCLUDING ISOLATION LAYER 

HAVING TRENCH STRUCTURE 



Field of the Invention 

5 

The present invention relates to an image sensor; and, 
more particularly, to a method for fabricating an image sensor 
including a device isolation layer having a trench structure 
capable of preventing a cross-talk phenomenon between 
10 neighboring pixels, decreasing leakage currents and improving 
dark currents. 

Description of Related Arts 

15 Generally, image sensor is a semiconductor device 

converting an optical image into an electric signal. 
Particularly, a charge coupled device (CCD) is a device 
including a plurality of metal-oxide-silicon (hereinafter 
referred as to MOS) capacitors closely located to each other 

20 and a charge carrier stored into the MOS capacitor and 
transferred to another device. A complementary metal oxide 
semiconductor (hereinafter referred to as CMOS) image sensor 
is a device that makes MOS transistors as the same number of 
existing pixels by employing a CMOS technology that uses a 

25 control circuit and a signal processing circuit as periphery 
circuits and adopts a switching mode detecting outputs 
sequentially. 
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There are several problems in using the CCD due to its 
complex driving mode, high power dissipation, a complex 
process having lots of steps for a mask process and a 
difficulty in one chip realization owing to the fact that the 
5 signal processing circuit cannot be constructed on a CCD chip. 
Therefore, there has been actively researched on the CMOS 
image sensor that uses a sub-micron CMOS technology to 
overcome the above problems. The CMOS image sensor obtains an 
image by forming a photodiode and a MOS transistor in a unit 

10 pixel and then detecting signals sequentially through a 
switching mode. The use of the CMOS technology results in 
less power dissipation and an enabled one chip process for the 
signal processing circuit. Also, compared to the CCD process 
that requires approximately 30 to 40 masks, the CMOS image 

15 sensor implemented with the CMOS technology needs 
approximately 20 masks because of a simplified process. Hence, 
the CMOS image sensor is currently highlighted as a next 
generation image sensor. 

Fig. 1A is a circuit diagram showing an unit pixel of a 

20 CMOS image sensor constituted with one photodiode (PD) and 
four n-type MOS transistors. The Photodiode (PD) generates 
optical charges after receiving light. The four n-type MOS 
transistors are a transfer transistor Tx for. transferring 
optical charges collected at the photodiode to a floating 

25 diffusion (FD) region, a reset transistor Rx for setting an 
electrical potential of the floating diffusion (FD) region in 
a preferable level and resetting the floating diffusion (FD) 
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region after discharging charges, a drive transistor Dx for 
functioning as a source follower buffer amplifier and a select 
transistor Sx for performing a switching function to address 
the pixel. Also, a load transistor (not shown) for reading an 
5 output signal is formed outside of the unit pixel. 

It is a current trend that the above type of the CMOS 
image sensor is increasingly micronized and minimized. For 
instance, a minimum line width of a circuit used in the CMOS 
image sensor is decreased from about 0.5 pm to about 0.3 pm. 
10 Furthermore, there are vigorous studies on the development of 
0.18 \xm devices. 

The micronization of the image sensor causes a size of 
each unit pixel and a distance between the neighboring pixels 
to be decreased, and thus, a driving voltage for driving the 
15 circuit is also decreased. 

The photodiode is installed in the unit pixel of the 
image sensor. Thus, if the unit pixel size is decreased, the 
photodiode size is also proportionally decreased. The 
Photodiode is a device for reproducing an image by storing 
20 optical charges into a depletion region. Particularly, an 
amount of optical charges generated by the light is directly 
related to a dynamic range of the image sensor. 

The dynamic range is a magnitude of variations in a 
maximum output of the image sensor. The higher dynamic range 
25 means the more accurately reproduced image. 

There are several methods for increasing the dynamic 
range of the image sensor. One method is to decrease a 
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capacitance of the floating diffusion region. The optical 
charges generated at the photodiode region are transferred to 
the floating diffusion region so as to be used for reproducing 
an image. At this time, the lower the capacitance of the 
5 floating diffusion region, the higher the magnitude of 
variations in voltages. This relationship is expressed by the 
following equation . 

AV = AQ/C Eq. 1 

10 . 

Referring to the Eq. 1, in case that a value of C is a 
small value, a magnitude of variations ( AV) increases even 
though an amount of charges ( AQ) is small. That is, if the 
capacitance (C) of the floating diffusion region is low, it is 

15 possible to effectively drive the drive transistor Dx even if 
the amounts of charges ( A Q) is small. As a result, the 
dynamic ranges of the image sensor increases. 

In order to lower the capacitance of the floating 
diffusion region, the transfer transistor Tx and the reset 

20 transistor Rx use a depletion mode NMOS transistor. The drive 
transistor Dx and the select transistor Sx are typical NMOS 
transistors . 

The transfer transistor Tx and the reset transistor Rx, 
I.e., the depletion mode NMOS transistors, do not need to have 
25 a lightly doped drain (LDD) structure. For this reason, the 
capacitance of a junction between a gate of the transfer 
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transistor Tx, a gate of the reset transistor Rx and the 
floating diffusion region is decreased, and thus, the drive 
transistor Dx can be effectively driven. Consequently, the 
dynamic range of the image sensor increases. 
5 Also, the depletion mode transistor has a negative 

threshold voltage. Therefore, if the transfer transistor Tx 
and the reset transistor Rx are constructed with the depletion 
mode transistors, it is possible to reduce a voltage descent 
resulted from the threshold voltage during the reset operation. 
10 In addition to the above method, there is another method 

for increasing the dynamic range through an increase of the 
photodiode capacitance. That is, the photodiode capacitance 
is augmented by increasing a volume and an area of the 
photodiode . 

15 In the course of progression to the micronization of the 

image sensor, the photodiode area is also decreased. To 
compensate the decrease of the dynamic range resulted from the 
decrease of the photodiode area, there is suggested another 
method of constructing a vertically deep photodiode structure. 

20 However, in case of forming the deep photodiode, a 

distance between the neighboring photodiodes becomes narrower, 
and thereby increasing incidences of a cross-talk phenomenon 
or a leakage current phenomenon. 

Fig. IB is a cross-sectional view of a unit pixel of an 

25 image sensor including a photodiode and a transfer transistor 
Tx. Particularly, Fig. IB is to show the leakage current and 
the cross-talk phenomena when the deep photodiode is formed. 
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In Fig. IB, a gate electrode of the transfer transistor Tx is 
only illustrated. Also, the photodiode shown in Fig. IB is a 
p/n/p type. 

As shown, a p-type epi layer 11 epitaxially grown is 
5 formed on a highly concentrated p-type substrate 10. A device 
isolation layer 12 for isolating devices is formed in a 
surface of the p-type epi-layer 11. The device isolation 
layer 12 has a trench structure. A channel stop ion 
implantation region 19 is formed at a bottom surface of the 
10 device isolation layer 12. 

Also, a gate electrode 13 of the transfer transistor Tx 
is formed on the surface of the p-type epi layer 11, and a 
spacer 14 is formed at lateral sides of the gate electrode 13. 

Within the p-type epi-layer 11, an n-type ion 
15 implantation region 15 for the photodiode (hereinafter 
referred to as photodiode n-type ion implantation region) is 
deeply formed. A p-type ion implantation region 16 for the 
photodiode (hereinafter referred to as photodiode p-type ion 
implantation region) is formed at a portion located between a 
20 bottom portion of the p-type epi layer 11 surface and an upper 
portion of the photodiode n-type ion implantation region 15, 
whereby the p/n/p type photodiode is formed along with the p- 
type epi layer 11. 

As described above, if the photodiode n-type ion 
25 implantation region 15 is deeply formed to compensate the 
decrease of the dynamic range, the distance between the 
neighboring pixels gets narrower. Therefore, a frequency of 
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incidences of the cross-talk phenomenon (refer to an arrow 
marked as a numeral notation ® ) and the leakage current 
phenomenon (refer to an arrow marked as a numeral notation © ) 
increases . 

5 Accordingly, it is necessary to develop a device 

isolation method providing an effect of preventing the above 
cross-talk and the leakage current phenomena. 

Summary of the Invention 

10 

It is, therefore, an object of the present invention to 
provide a method for fabricating an image sensor including a 
device isolation layer having a trench structure capable of 
decreasing incidences of a cross-talk or leakage current 
15 phenomenon by forming a photodiode in a deep portion of a 
substrate and forming two channel stop ion implantation 
regions . 

In ' accordance with an aspect of the present invention, 
there is provided a method for fabricating an image sensor 

20 including a device isolation layer having a trench structure, 
wherein an image sensor is integrated with a depletion mode 
transistor and a typical transistor, the method including the 
steps of: forming sequentially a buffer oxide layer and a pad 
nitride layer on a substrate; patterning the pad nitride layer 

25 and the buffer oxide layer formed on a first region for the 
depletion mode transistor and a second region for the typical 
transistor by performing a device isolation mask process and 
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an etch process to form trenches in the first region and the 
second region; forming a spacer at lateral sides of the 
trenches; masking the second region to form a high 
concentration of a first channel stop ion implantation region 
5 at a bottom side of the transistor in the first region by 
using high energy; removing the spacer formed at the lateral 
sides of the trench in the first and the second regions; 
masking the second region to form a low concentration of a 
second channel stop ion implantation region with use of low 
10 energy so that the second channel stop ion implantation region 
encompasses the lateral sides and the bottom side of the 
trench in the first region; and burying an insulation material 
into the trenches in the first region and the second region. 

15 Brief Description of the Drawing (s) 

The above and other objects and features of the present 
invention will become apparent from the following description 
of the preferred embodiments given in conjunction with the 
20 accompanying drawings, in which: 

Fig. 1A is a circuit diagram showing a unit pixel of an 
image sensor employing one photodiode and four transistors; 

Fig. IB is an exemplary diagram illustrating a problem 
arose in the image sensor shown in Fig. 1A; 
25 Figs. 2A to 2E are cross-sectional views showing a 

method for forming a device isolation layer having a trench 
structure in accordance with a preferred embodiment of the 
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present invention; and 

Fig. 3 is a diagram illustrating effects of the present 
invention . 

5 Detailed Description of the Invention 

Hereinafter, a detailed description on a method for 
forming a device isolation layer having trench structure will 
be provided in the following. 

10 Referring to Fig. 2A, a low concentration of an 

epitaxially grown p-type epi layer 21 is formed on a highly 
concentrated p-type substrate 20. The reason for using the 
low concentration of the p-type epi layer 21 is the following. 

First, the low concentration of the p-type epi layer 21 

15 enlarges and deepens a depletion region of a photodiode to 
thereby enhance a capability of the photodiode for collecting 
optical charges. Second, if the high concentration of the p- 
type substrate 20 is formed at a bottom portion of the p-type 
epi layer 21, optical charges are rapidly recombined prior to 

20 be diffused into an adjacent unit pixel. Therefore, it is 
possible to reduce random diffusion of the optical charges, 
and thereby further reducing changes in a transfer function of 
the optical charges. 

Next, a buffer oxide layer 22 and a pad nitride layer 23 

25 are sequentially formed on the p-type epi layer 21. A first 
photosensitive layer 24 is formed on the pad nitride layer 23, 
and a photo-exposure process is then proceeded thereto. A 
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patterning process that completely removes the buffer oxide 
layer 22 and the pad nitride layer 23 both formed at a region 
in which a subsequent device isolation layer will be formed is 
performed to expose the corresponding region in the p-type epi 
5 layer 21. Next, the first photosensitive layer 24 is removed, 
and the p-type epi layer 21 is etched until reaching a 
predetermined thickness. At this time, the pad nitride layer 
23 is used as an etch mask. From this etch of the p-type epi 
layer 21, a trench structure for burying the device isolation 

10 layer is formed. 

Referring to Fig. 2B, a tetra-ethyl-ortho-silicate 
(TEOS) oxide layer 25 having a good step coverage is formed on 
an entire surface of the p-type substrate 20. The TEOS oxide 
layer 25 is used for forming a spacer at lateral sides of the 

15 trench structure. That is, the deposited TEOS oxide layer 25 
is blanket-etched to form the spacer at the lateral sides of 
the trench structure. Hereinafter, the spacer is denoted as a 
reference numeral 25. 

In the present invention, an ion implantation with high 

20 energy is used to form a channel stop ion implantation region. 
Particularly, the channel stop ion implantation region is 
self-aligned so that it can be allocated in the center of the 
trench structure with use of the spacer. This specific 
arrangement prevents degradation of a device characteristic. 

25 Referring to Fig. 2C, a second photosensitive layer 26 

is formed on the above entire structure including the spacer 
25. Then, a photo-exposure process and an etch process are 



performed to remove a predetermined portion of the second 
photosensitive layer 26 to thereby open a depletion mode 
transistor region. In the preferred embodiment of the present 
invention, the second photosensitive layer 26 is used to mask 
5 a region in which a typical transistor will be formed. 
However, it is still possible to perform the mask process 
using other materials instead of the photosensitive layer 26. 

Next, the ion implantation process using high energy 
(hereinafter referred to as high energy ion implantation 

10 process) is applied to lower sides of the trench structure of 
the depletion mode transistor region so as to form a first 
channel stop ion implantation region 27. At this time, the 
high energy ion implantation process employs boron Bu of 
which concentration ranges from about 6.0 x 10 12 cm" 3 to about 

15 1.5 x 10 13 cm" 3 and uses energy in a range from about 150 KeV 
to about 250 KeV. There is no tilt angle or rotation in this 
high energy, ion implantation process. 

However, in case that an ion implantation mask is 
misaligned, this high energy ion implantation process could 

20 severely damage the substrate or deteriorate a device function. 
Therefore, the spacer 25 is formed to prevent the 
deterioration of the device function caused by the 
misalignment of the ion implantation mask. At this time, both 
of the pad nitride layer 23 and the second photosensitive 

25 layer 26 function to block an ion implantation from being 
extended to an activation region. 

Referring to Fig. 2D, after the second photosensitive 
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layer 2 6 is removed, the spacer 25 formed at the depletion 
mode transistor region and the typical transistor region is 
also removed to bury the device isolation layer 30 into the 
trench structure. 
5 Subsequent to the removal of the spacer 25, a third 

photosensitive layer 28 is formed on the above entire 
structure. A photo-exposure process and an etch process are 
performed to remove a predetermined portion of the third 
photosensitive layer 28 so as to expose the depletion mode 

10 transistor region. In the preferred embodiment of the present 
invention, the third photosensitive layer 28 is used to mask 
the typical transistor region. However, it is still possible 
to perform the masking process using another material instead 
of the photosensitive layer. 

15 After the exposure of the depletion mode transistor 

region, a second channel stop ion implantation region 29 with 
a trench structure is thinly formed at lateral sides and 
bottom sides of the trench structure. The ion implantation 
process uses Bu for forming the second . channel stop ion 

20 implantation region 29. At this time, a concentration of Bu 
is about 6.0 x 10 12 cm -3 and uses energy of about 40 KeV. Also, 
predetermined tilt angle and rotation are accompanied with the 
above ion implantation process to form the second channel stop 
ion implantation region 29 at the lateral sides and the bottom 

25 sides of the trench structure. This approach is illustrated 
in Fig. 2D. 

The first channel stop ion implantation region 27 in 
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accordance with the preferred embodiment of the present 
invention is formed to prevent the current leakage phenomenon 
and the cross-talk phenomenon between the neighboring unit 
pixels. The second channel stop ion implantation region 29 is 
5' formed to improve characteristics of the image sensor by 
encompassing a crystalline defect or a dark current source 
existing at an adhesion region between a field oxide layer 30 
and the p-type epi layer 21. 

Referring to Fig. 2E, the third photosensitive layer 28 

10 is removed. An insulation layer, e.g., the field oxide layer 
30, is filled into the trench structure through a gap-fill 
process, and an annealing process is performed to obtain a 
preferable characteristics of the field oxide layer 30. 
Afterwards, the gap-filled filed oxide layer 30 is planarized 

15 through a chemical mechanical polishing process. The pad 
nitride layer 23 is removed, whereby the device isolation 
layer formation is completed through a shallow trench 
isolation (STI) process. Herein, the field oxide layer 30 
generally functions as the device isolation layer. 

20 In the preferred embodiment of the present invention, 

the first and the second channel stop ion implantation regions 
27 and 29 are formed at a region where the depletion mode 
transistor is formed in order to electrically insulate devices 
from each other. At the region where the typical transistor 

25 is formed, a p-well chain ion implantation region electrically 
insulates the devices from each other. 

Fig. 3 is an exemplary diagram illustrating effects 
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achieved by forming a device isolation layer in accordance 
with the preferred embodiment. A low concentration of a p- 
type epi layer 31 is formed on a high concentration of an 
epitaxially grown p-type substrate 30. A device isolation 
layer 32 having a trench structure is formed in a. surface of 
the p-type epi layer 31. At a bottom portion of the device 
isolation layer 32, a first channel stop ion implantation 
region 34 and a second channel stop, ion implantation 33 are 
formed. Specifically, the first channel stop ion implantation 
region 34 is formed in a deep region of the device isolation 
layer 32, and the second channel stop ion implantation region 

33 is formed at lateral sides and a bottom side of the device 
isolation layer 32. 

Also, a gate electrode 38 of the transfer transistor is 
formed on the surface of the p-type epi layer 31. A spacer 37 
is formed at lateral sides of the gate electrode 38 thereafter 

Inside of the p-type epi layer 31, a photodiode n-type 
ion implantation region 36 is formed in a deep region of the 
p-type epi layer 31 to compensate the dynamic range. Then, a 
photodiode p-type ion implantation region 35 is formed at a 
portion located between an upper portion of the photodiode n- 
type ion implantation region 36 and a bottom portion of the p- 
type epi layer 31 surface, whereby a p/n/p type photodiode 
along with the p-type epi layer 31 is constructed. 

Herein, the first channel stop ion implantation region 

34 acts to prevent incidences of the cross-talk phenomenon (an 
arrow marked as a numeral notation ®) and the leakage current 
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phenomenon (an arrow marked as a numeral notation © ) . The 
second channel stop ion implantation region 33 is formed in 
such a manner to encompass a crystalline defect or a dark 
current source existing at an adhesion region between the p- 
5 type epi layer 31 and the device isolation layer 32. 

The present invention relates to a device isolation 
method with use of a shallow trench isolation (STI). More 
specifically, the present invention provides a method for 
forming a device isolation layer capable of preventing 

10 incidences of the leakage current phenomenon and the cross- 
talk phenomenon between the neighboring unit pixels of the 
image sensor. Accordingly , the present invention is 

applicable for high technologies in micronization for proving 
a micronized line width of around or below about 0.18 jam. 

15 Also, the present invention can still be applicable for 

a case of using the trench structure of a charge coupled 
device (CCD) in addition to the CMOS image sensor. 

By following the preferred embodiment of the present 
invention, it is possible to reduce the cross-talk phenomenon 

20 without decreasing the dynamic range as well as to improve the 
leakage current. Furthermore, stability in overall processes 
can be achieved by employing the spacer during the high energy 
ion implantation process. 

While the present invention has been described with 

25 respect to certain preferred embodiments, it will be apparent 
to those skilled in the art that various changes and 
modifications may be made without departing from the scope of 
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the invention as defined in the following claims. 
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